Objective: To compare three reinforcement options (suture, fibrin glue, and no reinforcement) for staple line reinforcement of patients undergoing laparoscopic sleeve gastrectomy. Study Design: An experimental study. Place and Duration of Study: Ortadogu Hospital, Adana, Turkey, from 2013 to 2017. Methodology: The inclusion criteria were patients with BMI >40 Kg/m 2 or >35 Kg/m 2 (if there were comorbid diseases associated with obesity). The exclusion criteria were patients who were older than 65 years or had a bariatric procedure earlier. The patients were placed in three groups. Group 1 had no staple line reinforcement, group 2 had fibrin glue on the staple line, and group 3 had barbed continued suture on the staple line. The primary endpoints included stenosis, bleeding, and postoperative leaks. The secondary outcomes included total operation time and time for staple line reinforcement. Values of p<0.05 were deemed significant for all statistical tests. Results: The mean time to perform the staple line reinforcement was significantly higher in group 3 (22.05 ±2.83 minutes) than in group 2 (fibrin glue, 10.86 ±2.15 minutes, p<0.001). The mean total operation times were significantly different between all three groups; 70.8 ±5.4 minutes for group 1, 74.7 ±6.2 minutes for group 2, and 81.2 ±3.0 minutes for group 3 (p<0.001). The groups had no statistical differences regarding complications. Conclusion: The use of fibrin glue and barbed continuous suture for staple line reinforcement during laparoscopic sleeve gastrectomy had no effect on post-or per-operative hemorrhage and leakage; however, these procedures significantly extended the operation time.
INTRODUCTION
Laparoscopic sleeve gastrectomy (LSG) effectively reduces weight-related morbidity and is useful for losing weight in the short-to-mid term. [1] [2] [3] [4] LSG was initially performed as a bridge procedure for biliopancreatic diversion (with duodenal switch) or for laparoscopic Roux-en-Y gastric bypass. [5] [6] [7] Although surgical staplers are continually improving, LSG's main postoperative complications are staple-line (SL) leaks and bleeding. [8] [9] [10] In order to strengthen the staple line, surgeons may utilise buttressing, gelatin matrix agents and/or fibrin sealant, and clips and sutures; these all can lead to reductions in complications and better hemostasis. [11] [12] [13] [14] The overall mortality of LSG is 0.3%, and the procedure's leak-related mortality is 0.1%. 2 However, the incidence of staple line leak ranges from 0.0-5.5% and they are caused by an increase in intraluminal pressure, which is enough to exceed the resistance of the tissue and suture-line. 15 While many surgeons strengthen the staple line during LSG, its effect is still controversial. The aim of this study was to determine whether the strengthening of the stapler line during LSG was beneficial.
METHODOLOGY
This experimental study was performed at the bariatric facilities of the Ortadogu Private Hospital in Adana, Turkey. One experienced surgeon performed all the LSGs between 2013 and 2017. All of the patients provided informed consent prior to undergoing LSG, and the local Ethics Committee approved the study. Based on their types of staple line reinforcement, the enrolled participants were placed in three groups of 63 subjects each as follows: group 1 -no reinforcement; group 2 -fibrin glue; and group 3 -barbed continued suture reinforcement. Based on the current guidelines for bariatric procedures according to the American Society for Metabolic and Bariatric Surgery, every patient underwent an initial evaluation and was followedup by an integrated team of specialised dietician, endocrinologist, and psychiatrist. The inclusion criteria were patients with BMI >40 Kg/m 2 or >35 Kg/m 2 (if there were comorbid diseases associated with obesity). The exclusion criteria were patients who were older than 65 years or had a prior bariatric procedure. was used to divide the vessels (short gastric), beginning on the other side of the Crow's foot and extending to the His angle. A 39F bougie is used for calibration. The surgeon next transected the stomach by firing, in the following order 1) two linear black and 2) 3 or 4 purple GIA reloads, respectively (60mm, Endo GIA™ reinforced reload with Tri-Staple™, Medtronic ®, Minneapolis, USA). Methylene-blue injection was done in order to detect any leaks. In group 2 (fibrin glue), two 8 ml boxes of fibrin glue were sprayed (Easyspray™-Baxter@ Deerfield, IL, USA) down the line of the suture and posterior to the stomach (which was now sleeved). In group 3 (V lock), the staple line was reinforced using V-Loc™ 90 (Covidien, Mansfield, Ma).
For the current study, patient demographics (e.g., comorbid conditions, BMI, age, gender), and any postoperative complications were recorded.
To prevent thromboembolism, every patient was given 1-2 mg/kg low MW heparin (subcutaneously) prior to the operation and throughout the next two weeks following surgery. The key primary outcomes included postoperative complications (e.g., stenosis, bleeding, leaks), and secondary measures included the total amount of time necessary to do the sleeve laparoscopic reinforcement (SLR) as well as the time of the overall operation. For group 2 (fibrin glue), SLR was defined as the amount of time elapsed from the final fired GIA staple reload to the final roofing for the whole SL, while in group 3, it was defined as the amount of time between the last fired GIA reload and the final SL oversewing. The full duration of the surgery was defined as the elapsed time from the first incision until the wound was closed. On the third day postoperatively, every patient underwent a control Gastrographin X-ray (swallow). Any post-operative complications were determined during follow-up for one month. All procedures performed in studies involving human participants were in accordance with the ethical standards of the Institutional and/or National Research 
RESULTS
Patient demographics are presented in Table I . There were 45 male (23.8%), and 144 female (76.2%) patients. The average age of the participants in group 1 (no reinforcement) was 34.8 ±12.6 years, 39.7 ±9.2 years in group 2 (fibrin glue), and 38.7 ±13.7 years in group 3 (V lock). The average preoperative BMI was 45.0 ±2.6 Kg/m 2 in group 1 (no reinforcement), 44.8 ±1.8 in group 2 (fibrin glue), and 45.7 ±1.6 in group 3 (V lock, p >0.05). Further, there were no statistical differences with regards to comorbid conditions among groups.
All procedures were performed laparoscopically. There was a significant statistical difference between the average time to complete SLR (p<0.0001). Group 2 (fibrin glue) averaged 10 minutes (8-17 minutes), while group 3 (V lock) averaged a significantly higher 22 minutes (18-30 minutes). In addition, there were significant differences with regard to the average total operative time (p<0.001). Group 1 (no reinforcement) had an average time of 70.8 ±5.4 minutes, while group 2 (fibrin glue) was operated 74.7 ±6.2 minutes and group 3 (V lock) in 81.2 ±3.0 minutes. As shown in Table II , staple-line reinforcement significantly increased the time of the total operation. The average postoperative hospital stay was three days (range 3-4) for each group (Table II) .
Throughout the study, there were no intraoperative complications or postoperative mortality. In addition, the methylene-blue test did not reveal any intraoperative leaks. However, one patient in group 3 (V lock) experienced postoperative bleeding, which stopped without the need for blood transfusion. Further, none of the patients in the current study experienced any postoperative leaks, stenosis, or stricture.
DISCUSSION
Although LSG is now more popular, advantageous, and used more frequently than other bariatric techniques, it has major complications, such as bleeding and leakage. Therefore, most surgeons use staple line reinforcement and other materials to reduce leaks and bleeding. However, some authors argue that staple line reinforcement is an unnecessary procedure. 8, 16 There is no consensus regarding staple line reinforcement in the literature. 17 In a review of 88 studies including a total of 820 patients, Gagner et al. detected that the risk of leakage is significantly lower when absorbable polymer membrane is used. 8 These buttressing materials can be very costly, and surgeons often experience difficulty when placing them. While it is challenging to standardise these buttressing materials and their use, it should be noted that none of them can prevent all leakages. Therefore, suturing is an alternative choice that is commonly used to avoid staple-line leaks. 12 There are also some disadvantages of using sutures as a staple line reinforcement, including stenosis, hemorrhage, ischemia, and hematoma. More importantly, studies have found that sutures fail to reduce the risk of leakage. In our study, there were no differences regarding postoperative leaks, bleeding, and stenosis when the V-Loc™ running suture was used as SLR during LSG. Literature suggests that proper surgical techniques and the correct staples should lead to low leak rates. 2, 15, 18 The FDA approved fibrin sealant for the reinforcement of staple lines. So far, it has been described as the lone sealant that can lead to adhesion, sealing, and hemostasis. 19 While several different surgical procedures have been shown to safely and effectively use fibrin sealant, there are limited studies utilising this method for SLR in LSG. However, the data that has been published is encouraging. 20 In the current study, human fibrin sealant was used as an SLR during LSG. Using this method, there were no differences in postoperative leaks, bleeding, and stenosis. Likewise, a prospective randomised study by Carandi et al. also revealed that fibrin glue had no significance in terms of postoperative bleeding and leakage and that its use extended the operation time. 11 Although, Coskun et al. indicated that fibrin glue is useful, however, it was not compared with a control group. 12 The prospective randomised study by Gentileschi et al. compared oversewing, fibrin glue, and buttressing for SLR in LSG. That study indicated that fibrin glue was just as safe as oversewing and buttressing. 21 In this study, both staple line reinforcement methods significantly prolonged the operation time. The number of cases is limited and a larger series is needed to document the incidence of complication of leakage for which these alternate modalities are being evaluated.
